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Simple Explan ation nf the Drawings 

Fig. 1 shows an embodiment example of the method for metal working of differential 
gear cases according to this invention, Fig. 1 is a plan-view drawing of a differential 
gear case manufactured by the metal working method according to this invention, Ftg. 
2 is a longitudinal-section drawing along line n-n in Fig. 1, Fig. 3 is a longitudinal- 
section side-view drawing of the upper and lower die frames, guide cylinder, and pri- 
mary product through line m-UI shown in Fig. 1 being cut across, Fig. 4 is a longitu- 
dinal-section side-view drawing during the manufacturing process shown above, and 
Fig. 5 is a longitudinal-section side-view drawing showing primary product forming 
in a prescribed type of die. 

Detailed Explanation of t he Invention 

This invention relates to a metal working method for manufacture of internally ex- 
panding cases, such as eg differential gear cases. 

The outer frame conventionally obtained by metal plate forming for manufacture of 
internally expanding cases necessarily involves, as in manufacturing processes, pre- 
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scribed tvoes of dies being combined depending on its shape. The central frame also 

must be done in such a way as to allow effective dismaying. To 
steel plate envisaged for the case passes through various laborious m^actunng 
processes being initially partially punched in a 500 ton class press, formed by die 
M in a P^scribecT type of die ensuring ^^J^^L 
then finished to shape, a deficiency being that, because of forging material deposition, 
the completed product lacks a uniform wall thickness. 

Recent years have further seen some products being manufactured from a number of 
P^ pScU which are integrally assembled to form 

proach however, implies the need to have various sets of dies available, with me de- 
ficiency of assembly and production becoming progressively more complex as the 
^SS^mJLiiva^ increases in a way that implies heavy costs being 

incurred. 

This invention has been elaborated to overcome the foregoing deficiencies, its pur- 
pose oling to propose a method for metal working of differential gear cases whereby 
products with accurate dimensions and completely uniform wall thickness can be ob- 
tained. 

A further purpose of this invention is also to propose a method for metal working of 
differential gear cases whereby products can be obtained entirely ^* 0 "^™° f 
metal working process failure through the forming material being free from fracture 
during the working process. 

A further purpose of this invention is also to propose a method for metal working of 
differential gear cases whereby the assembly process can be substantially reduced 
through product forming being able to proceed in a single set of die devices. 

A further purpose of this invention is also to propose a method for metal working of 
differential gear cases whereby product forming is easily accomplished and products 
can be manufactured at low cost corresponding to volume production. 

An embodiment example of the method for metal working of differential gear cases 
according to this invention is next explained with reference to differential gear case 
manufacture. A is a circular cylindrical drawn product with flange A, B is a die de- 
vice for compression forming of said primary product A. Primary product A and die 
device B are shown in a cross-sectional drawing along product A line HUH m Fig. 1, 
ie in a drawing representing the product being cut at right angles and viewed from the 
cut opening side. 

1 is an upper die incorporating press-down shaft 2, its surface la being formed to the 
same shape as surface A't of differential gear case A'. 

3 is a guide cylinder wherein upper die 1 is snugly fixed from above, its side surface 
being provided with multiple oil pressure exhaust holes 4. 

5 is a lower die incorporating press-up shaft 6, its surface 5a being formed to the same 
shape as surface A' 2 of differential gear case A'. Lower die 5 is also snugly inserted 
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in said guide cylinder 3 from below, lb, 5b are oil leakage check rings Committ- 
ing oil Slivery manifold 7 also penetrates inside tower die 5 and press-up shaft 6. 

g is a hvdraulic pump. 9 is an oil inflow regulating valve. Oil is delivered to oil deliv- 
er? ISSuS!* hydraulic pump 8 being operated and oil inflow regulating 
valve 9 being regulated as appropriate. 

10 is an oil exhaust regulating valve, being arranged to 

of oil exhausted from guide cylinder 3 being regulated via oil pressure exhaust holes 



4. 



The metal working method according to this invention is next explained Said lower 
die 5 is inserted inside guide cylinder 3 in a state of flange A, of primary product A 
being fixed inside lower die 5 (Fig. 4). 

When a pressure of 300 atmospheres is required to expand eg a steel plate, oil set to a 
prSre of max 300 atmospheres by oil inflow regulating valve 9 from 
Jump 8 is delivered into outside gap b from inner zone a of primary product A located 
Lde guide cylinder 3 between upper and lower dies 1, 5 v,a ^alve (not 
shown) provided at any arbitrary location in oil delivery manifold 7 of lower die 5 m a 
wa^nitiSy unrelated* the oil pressure and then sprayed from oil pressure exhaust 
holes 4 of guide cylinder 3 together with ambient an in order to ful oil inside gtnde 
cylinder 3. When the fracture pressure is less than the forming material fracture pres- 
sure (the limit of forming material fracture due to the mside and < auteuk 
ference, ie the pressure limit), such as eg at a fracture pressure of 1 10 atmospheres, 
through oil exhaust regulating valve 10 being arranged to set the pressure difference 
inside and outside the forming material to 1 10 atmospheres or less, ie, when the pres- 
sure required to expand primary product A in this case is 300 atmospheres, the pres- 
sure of inner zone a of primary product A is set to 300 atmospheres, and outer zone b 
is set to a pressure of around 200 atmospheres or more, so that the relationship be- 
tween the oil pressure inside and outside the forming material is less than the fracture 
pressure. During deliveiy at an oil pressure of 300 atmospheres, despite oil m inner 
zone a of primary product A leaking from the compression zone of AangeA, in the 
contact zone between lower die 5 and primary product A a pressure of 200 atmos- 
pheres is normally obtained in outer zone b of primary product A, attaining the same 
pressure as the pressure set in regulating valves 9, 10. 

Until flanges lc, 5c of upper and lower dies 1 , 5 come into contact with guide cylin- 
der 3, provided upper and lower dies 1, 5 are intensely pressurized m a hydraulic 
press to overcome the set pressure (200 atmospheres) of oil exhaust regulaung valve 
10, oil leakage from the compression zone between lower die 5 and flange Ai of. pri- 
mary product A coupled with oil available in outer zone b results in a pressure of 200 
atmospheres being attained as the limit of the pressure set by oil exhaust regulating 
valve 1 0 Should a pressure of 200 atmospheres be exceeded, oil is arranged to How 
out successively from oil pressure exhaust holes 4 of guide cylinder 3. The atmos- 
pheric pressure inside the forming material then becomes 300 atmospheres as the 
pressure set by oil inflow regulating valve 9, so that, through both functions of oil 
pressure and pressurization of dies 1, 5, entirely without forming material fracture 
within the fracture pressure limit, primary product A is expanded and formed while in 
contact with the die wall. Expansion zone A' 3 is also instantaneously extended by oil 
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pressure and pressurization of dies 1, 5 to obtain a product with a uniform wall thick- 



ness. 



When the oil pressure of dies 1 , 5 is then removed, the oil pressurized in an accumula- 
tor (a device operating to adjust the normal oil flow rate pressures in a tank containing 
nitrogen and oil, being used in this case to boost the oil pressure significantly as a re- 
sult of the intense reaction force of nitrogen) is intensely pressurized by the force of 
nitrogen from oil delivery manifold 7 of lower die 5 to impose a heavy shock on the 
product. By this means, product spring-back (products fonned by oil pressure and die 
pressurization normally sustain a shrinkage-like effect known as spring-back just after 
forming) is eliminated to obtain a precision product. 

Through a forming material being inserted between upper and lower dies fixed from 
upper and lower ends of a guide cylinder and through the latter being pressurized in a 
hydraulic press to obtain a precision product according to this invention as described 
above, product manufacture can be easily accomplished without any laborious assem- 
bly operations being required. Through the pressure difference of the oil pressure in- 
side and outside the forming material being controlled by regulating valves, said 
forming material sustains no fracture whatever, any manufacturing process failure is 
accordingly entirely eliminated, and product spring-back is prevented through an in- 
tense shock being imposed on the product by an accumulator just after forming in a 
way that enables good-quality products to be obtained. Through fewer manufacturing 
processes being required, the invention further confers the effect of products being 
able to be supplied at low cost corresponding to volume production. 

Claims . 
1 . Method for metal working of differential gear cases arranged so that a forming 
material is inserted between upper and lower dies fixed in a guide cylinder, oil is sup- 
plied between an inside space created by said forming material and one die and an 
outside space created by said forming material and said guide cylinder, the pressure 
difference with the inside space is controlled by regulating valves so that said fornung 
material sustains no fracture, material forming is accomplished by both functions of 
die pressurization and expansion due to oil pressure, and an intense shock is then im- 
posed on the formed product by an accumulator as the oil pressure inside the inside 
and outside spaces is removed. 



Fig.l 
Fig. 2 
Fig. 3 
Fig, 4 
Fig. 5 
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Summary of JP46-26784 



1. Explanation of reference numbers in Figures. 
A 1 : differential gear caee. 
A ■ primary product 
3 ; guide cylindp.r 
1 : upper punch 
5 : under punch 

8 <~ hydraulic pump 

9 - regulating valve for inputting 

10 • regulating valve for exhausting 



2, The folio-wing invention id described. 

The oil is filed into inner region Ca) and outer region/*) of the primary product 
in the guide cylinder 3<Fi* 4). The primary product is deformed by oil preeeure 
and pressing with die upp«r punch 1 and the under punch 5 while contacting the die 
wall. The different between tha oil pressure of inner region Ci> and the oil pressure of 
outer region (*) in eet loeo than die rupture efoeee by the regulating valve 9 and Hie 
repulatinif valve 10. 



